A study was conducted to evaluate the effects of high dietary vitamin A on vitamin E status and performance of growing-finishing pigs fed diets supplemented with varying levels of vitamin E. No consistent evidence was found to indicate that a high level of dietary vitamin A interfered with performance or with blood serum or tissue a-tocopherol concentrations in growing-finishing swine.
Introduction
There is evidence that high dietary levels of vitamin A may interfere with vitamin E absorption and blood a-tocopherol concentration (Sklan and Donoghue, 1982; Abawi and Sullivan, 1989; Blakely et al. 1991) . High dietary levels of vitamin A reduced the absorption of a-tocopherol in chicks (Sklan and Donoghue, 1982) . Abawi and Sullivan (1989) Chambliss is gratefully acknowledged.
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Limited research is available on the effects of dietary vitamin A on vitamin E status in pigs. Hoppe et al. (1992) noted little or no effect of dietary vitamin A supplementation of up to 40,000 IU/kg of diet on atocopherol status of growing pigs; however, only one dietary level of added vitamin E ( 5 4 IU/kg) was evaluated. This study was done t o evaluate the effects of excessive dietary vitamin A on performance and on blood serum and tissue concentrations of a-tocopherol in growing-finishing pigs fed diets supplemented with varying levels of vitamin E.
Materials and Methods
The study involved 84 crossbred pigs (42 barrows, 42 gilts) with an average initial weight of 26 kg. The pigs were allotted on the basis of weight and litter origin into pens of two pigs each (one gilt, one barrow). Each pen was randomly assigned to one of six dietary treatments within each of seven replications. The treatments, arranged as a 2 x 3 factorial, consisted of a basal corn-soybean meal diet supplemented with retinyl acetate (Hoffmann-La Roche, ANDERSON ET AL. Nutley, N J ) a t levels of 2,000 or 20,000 I U k g of diet and with DL-a-tocopheryl acetate (Hoffmann-La Roche) a t levels of 0, 15, or 150 IUkg. Pigs were fed a grower diet (Table l ) , formulated to meet NRC ( 1988) requirements, except for vitamins A and E, until they reached a n average BW of 57 kg, and continued on a finisher diet (Table 1) with the same treatment until they reached a n average BW of 107 kg. The vitamin premix used did not contain vitamins A and E. Pigs were given feed and water ad libitum. Pigs were housed in concrete-floored pens ( 1 x 1.8 m ) in an open-sided building and were weighed at the start of the feeding phase and biweekly thereafter. The pigs were fed the experimental diets for 83 d (first four replicates) or 90 d (the last three replicates). Before the start of the study, the pigs were fed a nursery diet that contained 2,750 IU of added vitamin A and 22 IU of added vitamin E/kg of feed.
The trial was carried out during late spring and early summer (March through June; average high and low temperatures and estimated average 24 h relative humidity were, 28"C, 15"C, and 7296, respectively). Pigs were managed using acceptable care and management practices throughout the study. Protocol for animal care was approved by the University Animal Use Committee.
Blood samples were collected by jugular vein puncture from each pig at the start (d 0 ) and on d 3 , 7, 21, 35, 63, and 77 of the feeding period. Blood samples were shielded from direct sunlight. Blood samples were centrifuged and the serum was harvested and stored at -20°C until it was analyzed. During storage, blood samples were covered with foil to avoid exposure to light.
Upon termination of the feeding phase, the barrow in each pen was slaughtered at the University of Florida meats laboratory and tissue samples collected. Tissue samples included liver, leg (semimembranosus) and neck (rhomboideus) muscle, backfat (10th rib area), and leaf fat. Tissue samples were frozen following collection and stored a t -20°C until they were analyzed.
Vitamin E ( cy-tocopherol) was extracted from serum samples using the procedure described by McMurray and Blanchflower 1979) with modifications as reported previously (Anderson et al., 1995) and from tissue samples using the procedure of Chung et al. (1992) with modifications (Anderson et al., 1995) . Alpha-tocopherol was determined by injecting 20 pL of the reconstituted sample (serum or tissue) into an HPLC system (Anderson et al., 1995) . Alphatocopherol concentration of samples was calculated from the known concentration of standards. Spiked liver samples with a-tocopherol were found to have a mean recovery rate of 97 5 3%.
Vitamin A (retinol) was extracted from serum and tissues as described by Chew et al. ( 1991 j and Mooney (1992) . Extraction procedures were performed under dark conditions with either yellow or CProvided .l ppm of selenium.
subdued light. Vitamin A was assayed and determined by the method of Mooney (1992) . The only modifications were that samples prepared for the HPLC were eluted using a 80:20 (vol/vol) mixture of iso-octane: tetrahydrofuran with 1% acetic acid and a retention time of approximately 10.5 min. Standards of all trans retinol (Sigma Chemical, St. Louis, MO) were prepared and used to determine retinol concentration of samples. Three liver samples were spiked to determine the recovery rate and validate the extraction procedure. Recovery rate of retinol was found to be 100 f 4.7%. Data collected included serum and tissue concentrations of a-tocopherol and retinol, body weight gain, feed intake, and gain:feed. Tissue data were logtransformed before analysis to improve homogeneity of variance. Data were analyzed using SAS (1988) for a randomized complete block design with a 2 x 3 factorial arrangement of treatments. Trends across the vitamin E levels were detected using orthogonal polynomials (SAS, 1988) . The experimental unit was the pen.
The blood serum data were analyzed by repeated measures analysis of variance. A time x treatment interaction was present, resulting in separate analyses for treatment effects for each sampling day. Orthogonal polynomial contrasts were used to determine trends (linear and quadratic) among the vitamin E levels (SAS, 1988) on the separate days.
Results and Discussion
Growth performance data of the pigs in this study are summarized in vitamin E in combination with 5,000, 10,000, 20,000, or 40,000 IU of added retinofig of diet and also observed no differences in pig performance. Other researchers have noted similar results in the chick (Sklan and Donoghue, 1982; Abawi and Sullivan, 1989) and rat (Blakely et al., 1991) . Serum a-tocopherol concentrations are reported in Tables 3 and 4. The main effect means for vitamin A and vitamin E supplementation are given in Table 3 , and the individual treatment means are given in Table 4 . Main effect means for serum retinol concentrations and main effect means for tissue a-tocopherol concentrations are given in Tables 5 and 6 , respectively. Few significant vitamin A X vitamin E interactions were noted. With one possible exception, the differences noted that resulted in the interactions were of small magnitude.
Serum a-tocopherol concentration was affected by level of dietary vitamin E on all sampling days except d 0 (Table 3 ) . When no supplemental vitamin E was added to the diet, there was a steady decline in serum a-tocopherol from d 0 to 77 (Table 3 ) . When the diet was supplemented with 15 IU of a-tocopherol acetate/ kg of diet, serum a-tocopherol declined ( P < .05) on d 3 and then stabilized throughout the remainder of the trail. Serum a-tocopherol increased ( P < .01) with the 150 I U k g vitamin E supplementation level by d 3 and continued to increase ( P < ,011 to d 7, after which serum concentration was maintained at the highest ( P < .01) concentration throughout the remainder of the study. Overall, as dietary level of supplemental vitamin E increased, serum a-tocopherol also increased (linear, P < .Ol). Other studies have shown that dietary vitamin E compounds are effective in increasing blood a-tocopherol, and that blood concentration increased with increasing dietary vitamin E (Jensen et al., 1988 (Jensen et al., , 1990 Asghar et al., 1991; Anderson et al., 1995) .
Serum a-tocopherol concentrations due to supplementing the diet with vitamin A at 2,000 or 20,000 I U k g of diet are also summarized in Tables 3 and 4. Pigs fed the high level of vitamin A had numerically lower ( P > .lo) serum a-tocopherol concentrations than pigs fed the low level of vitamin A on all blood sampling days, but this effect only was significant for d 3 ( P .01) ( Table 3 ) . Among the three dietary levels of vitamin E, the a-tocopherol concentration from the 150 I U k g supplemented vitamin E treatment were numerically more decreased by high dietary vitamin A than the 0 I U k g supplemented vitamin E, and this E x A interaction was significant ( P < .01) on d 3 and 21 (Table  4) . Although significant, the magnitude of all the above changes were small. Therefore, supplementing the diet with 20,000 IU/kg of vitamin A had only a minimal effect on blood a-tocopherol concentration in our study. Weaver et al. (1989) , in a trial with young growing pigs, observed that high dietary vitamin A (9,900 and 16,500 IU/kg) fed with 33 IU of added vitamin E k g of diet tended to lower plasma a-tocopherol. However, as observed in our study, the magnitude of the effect was small and statistically not significant. Also, as in our study, they noted that high dietary vitamin A tended to decrease plasma tocopherol to a greater degree in aBased on information from seven barrows per treatment combination 'Linear ( P > ,001) effect of added vitamin E for all tissues. 'Wet (fresh) tissue basis. pigs receiving the higher dietary level of vitamin E than in those receiving the lower E treatment. In trials with chicks and rats, however, a decrease in blood a-tocopherol was noted when diets with excessive vitamin A were fed. In these trials, very high vitamin A levels ( > 100,000 I U k g of dieti were fed (Sklan and Donoghue, 1982; Blakely et al., 1991) . This negative effect was attributed to competition for absorption sites in the small intestine or to enhanced oxidation of tocopherol prior to its reaching the small intestine (Sklan and Donoghue, 1982) . Although some differences were observed on individual sampling days, overall, dietary vitamin A level had no effect ( P > .lo) on serum retinol ( Table   5 1. Differences that were noted were very small and within normal values for serum retinol usually found in the pig (Kaneko, 1980) . Other researchers also have shown that blood retinol was not affected by dietary supplementation of various levels of vitamin A (Abawi and Sullivan, 1989; Blakely et al., 1991; Hoppe et al., 1992) .
Overall, there was no effect ( P > .lo) on serum retinol due to supplementation of vitamin E at any of the dietary levels evaluated in this study in spite of some small differences that were noted on individual sampling days (Table 5) . Weaver et al. (19891, in trials with young growing pigs, also noted that plasma vitamin A was not affected by dietary level of vitamin E.
Tissue concentrations of a-tocopherol increased linearly ( P < .001) as dietary vitamin E increased ( (Jensen et al., 1988 (Jensen et al., , 1990 Asghar et al., 1991) . Among the tissues sampled, the highest concentration of a-tocopherol was found in the adipose tissue, followed by liver and muscle tissue, respectively. Supplemental vitamin A had no effect ( P > . l o ) on atocopherol concentration in any of the tissues studied (Table 6) .
Retinol concentration in the liver was greatly increased ( P < .001) when pigs were fed 20,000 I U k g of vitamin A (Table 7) . A 10-fold increase in supplemental vitamin A resulted in a ninefold increase in liver retinol. Retinol concentration in other tissues (backfat, leaf fat, and both muscle types) was slightly detected or not detected at all and is not reported. Dietary vitamin E had no effect ( P > . l o ) on liver retinol concentration. Hoppe et al. (1992) also found that liver retinol concentration was linearly related to dietary retinol level in young growing pigs. They also found that 40,000 I U k g of dietary retinol did not affect tissue tocopherol other than heart tissue, in which tocopherol was slightly decreased. However, Pudelkiewicz et al. (1964) , feeding vitamin Adepleted chicks 0, 1,453, 14,535, 1,453,488, and 14,534,883 IU of vitamin A acetatekg of diet, observed a marked decline in liver tocopherol at the highest dietary vitamin A levels. 'Vitamin A effect ( P < .OOI).
'Wet tissue basis.
In conclusion, there was no consistent evidence found in this study that excessive dietary vitamin A (20,000 I U k g of diet) affected growth performance or serum or tissue a-tocopherol concentrations in growing-finishing pigs fed diets supplemented with varying levels of vitamin E. Likewise Literature Cited
